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LIP 

(57) ABSTRACT 

The invention concerns an apparfltus for the removal of 
moislure from panieulized, solid food products, comprising; 
a housing (9); a perforated plate (2), creating two chambers 
4) in the housing (1), gas-inlcts (5, 6), present below the 
perforated plate (2); an outlet (8) in the perforated plate (2), 
provided with a removable plug (9); heating means (15, 18) 
for tlie gases. The inveation further concerns a process for 
the removal of moisture from solid, small particles, by 
subjecting these particles, while in an annular, fluidized bed 
lo a heat treatment for a specific time, 

24 Claims 1 Drawing Sheet 
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APPARATUS FOR REMOVING A FLUID 
COMPONENT FROM PARTICin.IZED SOUS) 
MATERIALS 

The invention concerns apparatus fot the removal of a 
fluid component, in particular of moisture from pariiculizecl 
solid materials, in particular from solid particulizcd food 
materials. The invention further concerns a process for the 
removal of these fluids from those materials, in particular by 
using the apparatus according to the invention. 

An apparatus for the conditioning of particulate or granu- 
lar materials in a fliudizcd bed is disclosed in U.S. Pat. No. 
4,033,555. According to this document moisture can be 
removed from materials such as a sand by providing a 
fluidized bed of the sand and subjecting the sand to an air 
stream with a predetermined flow pattern for circulabng and 
mixing the material. The apparatus disclosed has a sieve 
plate providctl with openings with a specific shape through 
which the fluidizing gas is introduced in the apparatus. 
These openings stimulate the circulation and create con- 
trolled spioxuiog of the material in the vicinity of the walls 
and in this way an internal circulation of the material in the 
fluid bed is achieved, which prevents the granular material 
from slicking together. This makes that this system can also 
be applied for non free flowing granular materials such as eg 
wet sand- This apparatus however is not useful for removing 
moisture from particuHz^ed solid food materials because 
these materials can be damaged easily during the treatment 
leading to the appearance of black spots due to oveibuming. 
Moreover this apparatus cannot be iised in a semi- 
continuous process as no provisions are given for the 
removal of the treated material. Also the heating of the gas 
is not eflicicnt as no indications are given how the fluidizing 
gases are heated and/or how the rest heat present ia the 
exhaust gases can be applied in the process. Further the 
introduction of the fluidizing gases via the bottom of the 
sieve plate is not very eSicicut because these gases do not 
have a clear axial and tangential component, Herefotc the 
openings in the sieve plate have to have a very specific 
sliape. 

From VS, Pat. No. 4,875,435 an apparatus is known that 
can be applied for the combined drying and coating of 
pharmaceutical materials, Herefore the apparatus according 
to this US patent is provided with spraying means for the 
coaling. Although a fluidized bed is created above a sieve 
plate and gases are introduced that provide an axial com- 
ponent to the solid materials in the iluidizod bed, the gas that 
provides the tangential component to these materials is 
introduced above the sieve plate. We found that such an 
introduction of the latter gas does not lead to good results. 
Moreover the system disclosed herein has other disadvan- 
tages sudi as flxe fact that in the treatment chamber above tlic 
sieve plate areas are present wherein the fluidisation is not 
optimal, which leads to non-hygenical conditions that arc 
not allowable in the treatment of food products. Also hot 
spots win be present leading to local overbumiog of the food 
products and thus resulting in unacceptable products. Fur- 
ther the products cannot be removed from die system in a 
way enabling a semi-continuous process. 

A similar apparatus is disclosed in U.S. Pat. No. 4,532, 
155. Therefore the same disadvantages are connected to the 
use of lliis apparatus as mentioned above. 

According to U.S. Pat. No, 3,908,045 an apparatus for 
the coating of detergent particles is provided with a perfo- 
rated plate through which fluidizing gas is introduced so that 
a fluidizable substance is coated in a fluidized bed. Although 
air is introduced that provides a tangential component to the 
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particles it is not clear whether this air is introduced above 
or l>eiow the perforated plate. 

According to U.S. Pat. No. 4,866,858 or JP 54040480 the 
heat transfer in a fluidized bed can be improved if tlie 
5 fluidiTdng gas is introduced as sequential streams (thus 
creating a kind of pulsated gas stream). 

The use of a centrally positioned opening for the removal 
of the reaction product from a fluidized bed system is 
disclosed in eg U.S. Pat. No. 4,640.023. 
JO We studied whether we could develop a novel apparatus 
and find a novel process which would enable us to remove 
a fluid component, in particular moisture from particulizcd 
material, in particular paraculized food products which 
would avoid the problems of the prior art mentioned above. 
j5 This study resulted in our new inventions on an appartus and 
on a process. Thcrefcns our invention concerns in the first 
instance a novel apparatus for flie removal of a fluid com- 
ponent from particulizcd solid materials comprising; 
a housing (1) 

20 a perforated plate (2) separating the housing (1) into two 
chambers (3) and (4),chamber (3) being a gas intro- 
duction chamber and chamber (4) being a reaction/ 
drying chamber, whereby: 

chamber (3) is provided with two separated gas inlets 
25 (5) and (6) 

gas inlet (5) being presem in the bottom (7) of chamber 
(3) and providing an axial direction to the gas and 
gas inlet (6) being present below the plate (2) and 
providing a tangential direction component to the gas 
30 the perforated plate (2) is provided with an outlet 
opening (8), provided with a removable phig (9) for 
opening and closing of outlet opening (8) 
means (10) for feeding the solid particulizcd material 
into chamber (4) 
35 a gas outlet system (17) for the removal of the gases 
from chamber (4) 
In order to achieve tliat an efficient fluidisation of the 
particulizcd material is obtained, wherein the particles 
obtain an axial and a Ungenlial velocity component, while 
40 simultaneously the particulizcd material remains above the 
perforated plate (2) during the processing, we found that it 
is best if the perforated plate (2) is provided with perfora- 
tions (11) with a diameter between 0.5 and 4 mm. Optimal 
results being obtained if the total surface of the perforations 
45 in plate (2) is 10-30%, preferably 15-25% of the total plate 
surface. 

In order to achieve that the fluidized bed will obtain the 
form of an annular bed of fluidized particles while the 
removal of the end product is facilitated we found that it is 
SO beneficial if plate (2) has a shape of a cone or a wok, while 
at the lowest point of the cone or wok outlet opening (8) is 
present. 

The thickness of the plate (2) and the size of the perfo- 
rations herein have an impact on the velocity of the tangen- 
55 tially introduced gas component and thus on the creation of 
the fluidized bed. Therefore we prefer to apply a plate 
wherein the ratio between fliickness (t) of plate (2) and 
diameter (d) of the perforations (11) in plate {2\ i.e. t/d« 
0.2-1-6. 

60 The position for the inlet of the gas introduced via gas 
inlet ((^ has an impact on the efliciency of creating the 
fluidized bed. We found that the best results were obtained 
if gas inlet (6) is present at a point above 0.4 h, preferably 
at a point above 0.5 h from the bottom of housing (1), h 
65 being the height of chamber (3). 

In order to control the temperature in the reaction cham- 
ber (4) we apply a heat sensor (12) in chamber (3) and 
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prefcrably also a heat sensor (13) in chamber (4). The heat The most efficient energy consumption js achieved if the 

S6nsor(s) produce a signal that is applied to control the tcmperaturcof the gases that are introduced io the reactor is 

temperature of tlie gas streams in inlets (S) and (6) tluough cotitrolled by a the signal from a temperature sensor in the 

regulating means (14) for regulating the heating of these gas introduction chamber of the reactor which signal is fed to an 

streams. . 5 indirect heat exchanger wherein fresh introduction gas is in 

A device that can be used to obtain an efficient heat indirect heat exchange with gas removed from the reactor, tf 

transfer in the fluidized bed is a pulsator gefcrably placed ^ ^ ^^^^ ^^^^ ^^^^ 

in the gas stream inuodu^^^^^^ SnL in a rcaLn chamber is used as well for this control an even 

veloaty of this eas stream can be pulsated, resuitmg in a , . i • i 

fluidized bed whettiin the distance between the individual more effiaent temperature control is possible, 

particles can be changed during the processing. This pul- The residence time of the particuhzcd tnatenal in the 

sating preferably is performed with an amplitude between reactor can range effectively between 15 and 90 sec, prcf- 

0.25 and 10 Hertz. erably between 20 and 60 sec. 

In order to enable a scmi-conlinuous process we found Altliough wc can subject all kinds of particulized food 

that the provision of an outlet opening (8) in plate (2) led to protlucts to the Ueatmcnt according to the invention in 

very suitable results. Therefore we prefer to use an apparatus particular usiug flie apparatus accorduig to the invention we 

wherein a plug (9) is attached to a plunger (19). which plug ^^^^^^ unexpected results were obtained 

(9) correspond with the shape '^f ^^^^ ^od material is grained rice and the fluid component 

in plate (2), which outlet opemng has a diameter of 100^200 ^^^^^ ^^^^^^ ^^^^ ^^^^^^ ^ ^^^^^^^ 

"^or an efficient energy consumption we found that it is 20 from all inert, food grade gases but wc prefer to apply air or 

advantageous if in the gas oudct system (17) leaving cham- nitrogen as gas hercfore. 

ber (4) an indirect heat exchanger (15) is present, whereas In the drawing attached the apparatus according to the 

the gas in outlet (17) is in indirect heat exchange with the invention is schematically set out. As illustration of the 

fresh gas (21) introduced in the system via inlets (5) and/or apparatus and the process of the invention the drawing and 

(6). Tlie gas leaving heat exchanger (15) can be split into two the use of the apparatus according to this drawing will be 

stream by using a valve (16) in heat exchanger (15), discussed into more detail. 

whereby the two gas streams are introduced into the system Material to be dried, such as grained rice is fed from a 

via inlets (5) and (6). The ratio wherein the gas streams are hopper (10) into the reaction chamber (4) from a reactor 

introduced via (5) and (6) can be controlled by the position comprising a housing (1) provided with a perforated plate 

of valve (16). . - 30 (2) with the shape of a wok and provided with perforations 

The invention also concerns a process for the removal ot ^^^^ ^ ^^^^ ^ dividing housing (1) into 

a fluid component from particu ized solid I intmduction chamber (3) and a reacHon/drying eham- 

reactor, wherein the solid paiticuWl material is flmdized ^ introduced with a velocity of 15 

by a preheated gas providmg to the solid P^^^les an axial W ^^^J^ ^ ^^^^^^ .^^^ ^^^^^^^ ^^.^ 

iSr^n^;:^.^^^^^^ 35 ^s stream^ gives t^eVrticles iVchamb.r^(^^^^^^^^^^ 

that during the heM treatment tlie solid particles form a component Smiultaneonsly a g s .s ^^'^^^^^^^ 

fluidized, annular bed of particles, at a temperature and for velocity of 35 m/sec via gas inlets (6), directly below the 

a time sufficient to remove the fluid component without plate (2). This gas gives a tangential component lo the solid 

overbuming of the solid particulized material, whereupon particles in chamber (4). In this way the soUd particulized 

the ucated solid particulized material is separated from the 40 material forms an annular fluidized bed in chamber (4). The 

reactor as end product, whQe thereafter fresh solid particu- gases introduced via inlets (5) and (Q are heated in heater 

lizcd material ftom which the fluid component still must be (18) after being preheated in indirect heat exchange m heal 

removed, is introduced in the reactor. exchanger (15) with the gases leaving the system via outlet 

The best results were obtained when the gas providing the (17). The temperature of the gases mtroduccd via (5) and (6) 

tangential velocity component is introduced in the reactor 45 is controlled by heat sensors (12) and (13) present m 

below a perforated plate that forms a baaicr between an chambers (3) and (4) respectively. The heat sensors produce 

introduction chamber for the treatment gases and a reaction a signal which is fed to heat regulating means (14) connected 

chamber h&^ter (18) and valve (16) therein. In order lo be able 

Gas velocities that can be applied for the fluidizing gas to interrupt the processing and lo remove dried product from 

can range from more than 0.5 m^, preferably more than so the reactor an opening (8) is present in the plate (2). which 

1 5 m/sec to less than 50 m/sec, preferably less than 10 opening (8) is provided with a plug (9) corresponding m 

m/scc. The best results being obtained when the gases that shape and size with opening (8) and which plug is closing 

provide the axial velocity component and the tangential opening (8) during the drying process but can be lifted using 

component Ate introduced in the introduction chamber in a a plunger (19) after interrupting the gas supply to the system, 

ratio V -V -0 1 to 10 V being the velocity of the gas 55 The dried product is removed via a duct which is connected 

providing axial corap^ent and V^„^ being the velocity with a separator (20) wherein the product is cooled and 

of the gas providing the tangential component. The gases separated from excess gas. The exhaust gases leaving the 

should be introduced in the reactor with such a velocity that system via outlet (17) are led to a separator (24), preferably 

the solid particulized material that is introduced above Ihc being a cyclone, wherein the dust and the gas are separated, 

perforated plate remains above the perforated plate in the 60 whereupon Ihc gases are led to heat exchanger (15) to which 

form of an annular fluidized bed of solid parucles. also fresh gas is led via inlet (21). A fan (22) is used tor the 

The temperature that can be applied in the reaction transportofUie gas. Valve (16) is used for the division of the 

chamber (4) should be coiitroll6<l carefully within a specific gas from fan (22) into two streams (5) and (€) m ihe desired 

range, this can be achieved by introducing the gases into the ratio, 

reactor directly under the perforated plate (2) with a tem- 65 What is claimed is: 

peraturc wiUiin the range of 130-350° C, preferably 1. Apparatus for the removal of a fluid component from 

200-300** C particulized solid materials comprising: 
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for cHvidiog the introduction gas over the first gfls mlct (5) 
a housing (1) - . u . M^intotwo and the second gas inlet (6). 

a perforated plate (2) separating tlic housing (1) j^^^^^ f^, removal of a fluid component from 

di:imbers, a first chamber (3) and a second chamber ' . . . ..^ ^^^^^i ^ reactor by treatment gases 

(4), tho first ^tf^ ^ S Stion^^^^^^^ the Llid partiaOized 

chamber and the second chamber (4) being a « l^terial is rtuidJd by a preheated gas providing to the ^ 

i^Ss S^^^^^ P^c>viding to the solid particles a tangential ve oaty 

thef^t SeKfObei component, which is introduced m the reactor below a 

fi^cK^ and providing an axial direction to the 10 pUte thai forms a barrier between an mtrodnclion 

chamber foi the treatment gases and a reaction chamber m 
the second gas inlei (6) being present below the plate ^^^^ ^ ^.^y tbat during the beat Ircatoienl the solid particles 

(2) and providing a tangential direction coraiwnent ^ nuidized. annular bed of particles, at a temperature 

to the gas , and for a time sulEcicm to remove the fluid component 

Uie perforated plate (2) is provided with an outlet ^,houl overburniug of the solid particuUzed material, 

oi)cning(8)whicb is provided with a removable plug ^jjcrcupon the treated solid parliculizcd mateiial is sepa- 

(9) for the opening and closing of the outlet opemng ^^^^^ ^^^^ reactor as end product, while thereafter fresh 

(8) . 1- 1 . • I solid particulirxjd material, from which the fluid component 

mean (10) for feeding the solid particuhzed material ^ ^^^^ ^ amoved, is introduced in tho reactor. 

into the second chamber (4) . ^ . 15 Process according to claim 14, wherein the gas 

a gas outlet system (17) for the removal of the gases ^^^j^-^g ung^ntial velocity component is introduced in 

from the second chamber . - u the reactor below a perforated plate that forms a barrier 

hcadog means (13 18) for h<=a^ne f '^c g^^ tJc^ZSJZ.cU.roUMis..Un.nXs^^s.n^ 

io«t,duccd via the first gas mlct (5) and the second ^ bci^^c^n ^ ^^^^^^ 

gas inlet (6). ,u„ „rfo,„tcd 16. Process according to claim 14, wherein the gases are 

siuf ace of the perforations in the plate (Z) is i»~iyr^ or .sordine to claim 14, wherein the tempera- 
total plate surface, wh^-rriii niatc f2> has tare of the gases inUodnced in the reactor ranges between 
a l^o™ ^ wSi: U^^^^^^ 35'»° C. at a point direcUy under the perforated 
outlet opemng (8) IS present. P p^^^g according to claim 14, wherein the tempera- 

5. Apparat,^ fzCnd a ffiameterS)^ tme of the gases that^ro introduced in the reactor is 
between a thickness » P'»'°. <2) jf^^^^^^^ ^„,„U^rt by a the signal from a temperature sensor in an 
perforations (U) in P "'^^ f^). .e^^<1-0^-l^^^^ tatroduction chamber of the reactor which signal is fed to an 

6. Apparatus accordmgto^^^^^ ^ £,,,b infoduction gas is in 
present at a point above 0.4 h trom inc ooiiom oi u =, b indirect heal cxchani-c with gas rcmoveil from the reactor. 
(1), h being the height of U.e chainber J). '"IrPmc^ss aSng to claim 14. wherein the residence 

7. Apparatus acoord.ng to f l- ^^erein a heat sensor l particuli==ed material in the reactor ranges from 
(12) is present m the first chamber (3). """^ " f 

'V/Ji;«sss»s.i». m » *•»,«» ">■«'"• 

second gas inlet (6). . i ^ 

U. Apparatus according lo claim 1, wherein in the gas ^ * * * » 

system, leaving heat exchanger (15) a valve (16) is present 
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